Abstract: The morphological, anatomical and palynological features of Asyneuma michauxioides (Boiss.) Damboldt (Campanulaceae) were investigated. This species is an East Mediterranean Floristic Element and an endemic in Turkey. In anatomical studies, cross-sections of the root and stem were examined and demonstrated by photographs. It has conspicuous endodermis in which the Casparian bands are indistinct in the stem. According to the result of this study, it was found that pollen grain of this taxon was 3-porate sometimes 4-porate and oblate-spheroidal. Its structure was tectate and sculpture was small granules and pits with densely spaced spinules. The seeds of the taxon were eliptic to ovate in shape, laterally compressed, brown to light brown in colour, glabrous and shiny.
Introduction
Campanulaceae is represented by 7 genera (Campanula L., Symphyandra A. DC., Asyneuma Griseb. & Schenk, Michauxia L'Herit., Legousia L., Jasione L., Trachelium L.) and about 138 species in "Flora of Turkey". The genus Asyneuma contains about 20 species of which 16 are endemic in Turkey (Damboldt 1979; Davis 1988; Güner et al. 2000) . A taxonomic revision of the genus Asyneuma was first performed by Damboldt (1968 Damboldt ( , 1976 Damboldt ( , 1979 . Avetisjan (1967) described the palynology of the order Campanulales. Dunbar (1975) studied the pollen morphology of Campanulaceae and the related families with special reference to ultrastructure. Inceoglu (1975; examined the pollen morphology of some species of the genusAsyneuma from Mediterrenean region using light microscope (LM) and scanning electron microscope (SEM). Metcalfe & Chalk (1983) have given information about the general anatomical characteristics of the family Campanulaceae. There have been no anatomical studies onAsyneuma species. Haridasan & Mukherjee (1988) examined seed surfaces of some Asyneuma members' from India using SEM.
In this study, we aimed to give detailed knowledge about A. michauxioides by evaluating the results obtained from morphological, anatomical and palynological investigations.
Material and methods
The samples of A. michauxioides were collected from the following locations: B3 Konya, Sultan Mountain, Akşehir to Tekke village and its environs, calcareous rocks, 1800-1850 m, E. Alçıtepe 2168. They were preserved in the herbarium of Celal Bayar University, Faculty of Arts & Science, Department of Biology. The taxonomic description of the plant was carried out according to Damboldt (1979) . Fresh samples were used for experimental analysis and measurement. Anatomical work was carried out using fresh samples stored in alcohol (70%). The paraffin method was applied for preparing the cross-sections of root and stem (Algan, 1981) . Pollen grains were prepared according to the acetolysis method as described by Erdtman (1960) . SEM techniques were used to investigate pollen and seed morphology with special reference to the descriptions of Erdtman (1992) , Faegri et al. (1989) , Stearn (1996) . Data on size have been based on the measurements of 30 pollen grains at least. The mean value of the measurements (M) and standard deviation (SD) were calculated using the method of Sokal & Rholf (1969) .
Results

Morphological properties
The plant was 40-100 cm tall and the stem was erect. The base of the stem was about 1 cm in diameter. The stem indumentum was sparsely short-pubescent to rarely dense hispid. Leaves were (3) 4-6 (8) × 3-5-6 cm and shortly petiolate or rarely sessile. The petiole was long up to 12 cm. The lower and middle cauline leaves were ovate-cordate in shape. Upper leaves were oblonglanceolate. Flowers were usually on the nodes. Inflorensence was long pyramidal paniculate. Calyx lobe was erect, 3-8 mm in size, linear-subulate in shape. Corolla lobe was (6) -7-8-9-10 (11-12) mm in size, lanceolate shaped divided nearly to base. Corolla was coloured from pale to azure-blue and style was 8 mm, filiform shaped. Stigma was 3. Capsule was 5-6 × 5.5 mm in size, obconical shaped, ribbed, opening by 3 pores slightly above the middle. Seed size was 0.8-1 × 0.4-0.5 mm, light brown or brown, elipsoid to ovate (Fig. 1 ). Seed Properties: The seeds of the taxon were eliptic to ovate in shape, laterally compressed, brown to light brown in colour, glabrous and shiny. The seeds were about 0.8-1 × 0.4-0.5 mm in size. Seed surface was ornamented areoleted with ridge. The areoles were laterally compressed to such a degree that the lumen was essentially linear, giving the seed coat a clearly striate appearance. Areole walls were fused or merged at ends, but mostly swollen in middle, sometimes forming knots (Fig. 2) .
Anatomical properties
Root: Peridermis surrounded the outer surface of the root. Peridermis was broken into pieces 8-10 layered. Cortex area consisted of the parenchyma with intercellular spaces. Xylem element was disintegrated by parenchymatous pith branch which constituted large area. Pith with intercellular spaces was forming from spheroidal cells (Fig. 3 , Table 1 ). Stem: In general, the stem was circular. 4-5 layered collenchyma was present in the projections of the stem. Continuous collenchyma under epidermis was 2-3 layered. A thin cuticle was placed on the single layered epidermis. Under the cortex, endodermis was quite clear and formed a ring. Cambium was distinguish- µm, e -epidermis, co -collenchyma, p -parenchyma, c -cambium; ph -phloem, t -trachea, pr -pith cell).
able. Xylem elements were arranged in parallel rows.
Laticifer was seen at same places in the pith region. Pith with intercellular spaces was formed by spheroid parenchymatous cells (Fig. 4 SEM details: Pollen wall ornamentation with densely spaced spinules consisted of small granules and pits. Spinules of variable size were closely distributed over the surface (Fig 5) .
Discussion
In this study, morphological, anatomical and palynological characteristics of endemic A. michauxioides were studied. Morphological properties which are important taxonomically such as shape of calyx and corolla, length of the pedicel and stylus, opening way of capsule, characters of the lower and middle cauline leaves were examined to identify the species. Although our results generally corresponded with the description in "Flora of Turkey", a few differences were detected here. It is reported that the length of calyx is 3-7 mm, corolla is 10-14 mm in length, stylus is 10 mm, capsule is 5-6 × 5 mm, seed is 1 × 0.4 mm in size (Damboldt 1979) . In our study, we found that calyx was 3 to 8 mm, corolla was (6)-7-10(12) mm in length, stylus was up to 8 mm, capsule was 5-6 × 5.5 mm and seed was 0.8-1 × 0.4-0.5 mm in size. These differences in the examined taxon that we found in this study, may be the consequences of various climatical, ecological and habitat conditions in which the examined species survived. Metcalfe & Chalk (1983) gave information about the general anatomical characteristics of the family Campanulaceae. They state that endodermis was distinguishable in the family Campanulaceae. The findings of this study correspond to the ideas of Metcalfe & Chalk (1983) . Ocak & Tokur (1996) defines that some Campanula species have laticifer in the root and stem. We observed laticifer in the stem preparations of A. michauxioides but not in the root. They point out that interfascicular regions in roots are wide in places and, collenchyma at cortex is present. This study supports their data.
We compared our palinological findings with those of the related species of the related genus pointed out bẏ Inceoglu (1975) (Table 3) . We did not observe any difference in the pollen shape, being oblate-spheroidal in the examined species and all the related species studied byİnceoglu (1975). Although we observed some differences in numerical pollen data of the examined species, these findings generally corresponded with the study oḟ Inceoglu (1975) except for Plg/Plt value. Plg/Plt value of the examined species is lower than value given bẏ Inceoglu (1975) , but this difference is not a distinguishing feature of the examined species from the genus.
Our findings on the seed dimension and micromorphology corresponded with the work of Haridasan & Mukherjee (1988) , who studied some other species of Asyneuma.
